INTRODUCTION 29
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous pollutants that originate from 30 oil spills as well as anthropogenic and natural combustion processes. Major sources include 31 fossil fuel combustion, metal production, waste incineration, residential and commercial biomass 32 burning, and vehicular emissions. [1] [2] [3] [4] [5] PAHs are often associated with densely populated areas, 33 especially in industrialized countries.
3,4,6,7 PAHs and their transformation products are a primary 34 carcinogenic component of urban air pollution and health effects resulting from chronic exposure 35 are a serious concern. 8, 9 36 Polyethylene passive samplers (PEs) are cost-effective, simple tools with lower detection 37 limits than traditional active sampling techniques. Instead of pumping air or water through a 38 filter, PEs accumulate hydrophobic organic contaminants (HOCs) over time via diffusion, 39 accumulating only truly dissolved or gas-phase molecules. 10 Concentrations of truly dissolved 40
HOCs are of interest because this fraction is available for direct diffusive exchange between 41 water and other reservoirs such as air, biota, or sediment. 42
The use of PEs facilitates simultaneous spatially resolved measurements and calculations 43 of air-water diffusive exchange rates. For most HOCs, concentrations measured by PEs reflect a 44 time-integrated concentration representative of the entire deployment period. For compounds 45 that equilibrate during deployment, concentrations reflect the most recent concentration the 46 sampler was exposed to. PEs have previously been used to measure HOCs in water and air [11] [12] [13] 47 and to calculate air-water gradients of HOCs, but this method has not been applied to the lower 48
Great Lakes. [14] [15] [16] 49 Lake Erie and Lake Ontario are the smallest of the Great Lakes by volume and have 50 estimated residence times of 2.7 and 7.5 years, respectively. 17 About 80% of Lake Erie's water is 51
The two sites in Cleveland consistently displayed the greatest concentrations of gaseous 146
PAHs except retene throughout the deployment season. Retene is often considered to be 147 indicative of wood smoke or pulp/paper mill effluent, as opposed to fossil fuel combustion. 34, 35 148 Retene was greatest west of Cleveland in Sheffield Lake, but even here accounted for less than 149 0.7% of total gaseous PAHs. In contrast, Ruge found retene to be a significant component of 150 gaseous PAH profiles at many sites on Lake Superior. 36 
151
Principal component analysis (PCA) using the FactoMineR package 37 in the statistical 152 programming language R 38 was employed to visualize similarities and differences between PAH 153 profiles ( Figure S5 ). Profiles were similar at all sites with the exception of Sheffield Lake, 154
Rochester, and the Cleveland sites, which were clustered separately. The clustering of most sites 155 in the same region of the plot suggests that sources of PAHs were similar across the study region. 156
Profiles in Cleveland may have been distinct due to nearby point sources. In addition to impacts 157 from vehicular emissions associated with heavy traffic in downtown areas, these sites were 158 within 5 km of a greater number of industrial point sources (primarily chemical manufacturing, 159 petroleum industry, and metalworking facilities) when compared to the other sites using the EPA 160 rural, or remote based on population within 3 km (Table S8) . Mean Σ 15PAH for each type of site are 178 summarized in Table 1 . For both lakes, the greatest concentrations of gaseous PAHs were 179 observed at urban sites. However, Σ 15PAH was not significantly different based on site classification 180 using a one-way ANOVA (p > 0.05). There were no obvious changes in PAH profile 181 composition based on whether the site was urban, semi-urban, rural, or remote ( Figure S4) . 182
To explore relationships with population in more detail, population within discrete radii 183 of 1 to 40 km from each site were compared to average atmospheric PAH concentrations to 184 Fluorene is often observed to be more stable with respect to photochemical oxidation 209 than similarly-sized PAHs (average lifetime 22 -26 hrs), 44 ,46 but more distant sources did not 210 become more significant for this compound due to its longer lifetime. Fluorene correlated less 211 strongly with population than acenaphthylene at all radii, but the divergence was largest at 212 shorter distances. Gaseous HMW PAHs are expected to have short atmospheric residence times 213 due to reaction with hydroxyl radicals, which may contribute to the increased relevance of local 214 versus long-range sources that was observed for these compounds. 7 These results suggest that 215 reaction with hydroxyl radicals limited the importance of sources distant from sampling sites. 216
The degree to which a given PAH partitions from gaseous to particulate phase, and thus 217 is not detected by PEs, depends on the composition and concentration of ambient aerosol as well 218 as temperature and vapor pressure.
47-49 Sub-cooled liquid vapor pressures (p L /Pa) for all PAHs 219 (except methylphenanthrenes and retene, for which data was not available) were determined for 220 average deployment temperature (18.6°C) using empirical regressions from Paasivirta et al. 50 Log 221 (p L /Pa) was plotted against the radius where maximum population-concentration correlation was 222 seen for each compound in Figure sources in determining concentrations of gaseous HMW PAHs could be due to the partitioning of 232 these compounds to relatively cleaner background aerosols at remote sites as described by 233
Gustafson et al. 53 Due to their lower vapor pressure, gaseous HMW PAHs are more likely than 2-234 3-ring PAHs to partition into the particulate phase where they will not be measured by PEs and 235 may be deposited more readily via wet or dry deposition.
42,54,55 236
Previous studies have reported that coastal areas receiving cleaner air from over water 237 bodies exhibit lower atmospheric PAH concentrations than would be predicted based on 238 surrounding population. 56 Concentrations of total atmospheric PAHs were lower in Buffalo and 239
Oswego than Cleveland or Rochester, though these sites were classified similarly in terms of 240 population. One explanation is that prevailing westerly winds brought over-lake air towards 241
Buffalo and Oswego, diluting the urban plume. Offshore measurements confirmed that air 242 masses over Lake Erie had relatively lower PAH concentrations than shoreline sites (Table 1) . 243
Likewise, the offshore site near Grimsby was closer to the shoreline and more likely to be 244 impacted by westerly air masses arriving over land from Hamilton (ON). 245
To further explore this hypothesis, 6-hour HYSPLIT back trajectories were calculated 246 every 24 hours during the entire deployment period at Cleveland, Buffalo, Rochester, and 247
Oswego using EDAS 40km archived meteorology . The number of trajectories arriving from 248 over water versus over land was counted (Table S3 ). This analysis supports the idea that 249
Oswego's urban plume could be diluted by over-water air masses, but shows that Buffalo and 250
Cleveland received similar amounts of air traveling from over water and over land. Table S10 ). Average 259 dissolved Σ 18PAH s, shown in Table 1 , were somewhat greater in Lake Erie than in Lake Ontario 260 when similar sites were compared, but not significantly (one-way ANOVA, p > 0.05). This may be because in addition to atmospheric deposition, runoff and sediment-water exchange 275 contributed to dissolved concentrations. The dissolved PAH profile was most distinct at 276
Sheffield Lake, while Toledo and Buffalo, both expected to be impacted by river discharge, were 277 clustered together ( Figure S5 ). 278
Comparison with Literature Values. Dissolved PAH concentrations were similar to 279 those reported by Ruge for heavily impacted sites on Lake Superior. 36 Previous work in Lake 280
Michigan reported average total dissolved aqueous PAH concentrations of 9 ng/L from 281 shipboard measurements, which was similar to the mean dissolved Σ 18PAH concentration of all sites 282 in this study (9.1 ng/L).
2 Concentrations reported here were generally greater than surface waters 283 of Narragansett Bay (RI) 14 or the Patapsco River (MD), 57 though maximum concentrations 284 measured on the Patapsco exceeded maximum concentrations measured here. Concentrations 285 were lower than dissolved PAHs in a freshwater lake in China. 42 PAH profiles were similar to 286 those reported for Narragansett Bay. 
The lack of strong correlations also suggests that sources other than atmospheric 295 deposition, such as river discharge and WWTP effluent, could have been significant in 296 determining dissolved PAH concentrations in surface waters. In addition, longer-term reservoirs 297 that are not representative of current emissions, such as PAHs from sediments or from deeper in 298 the water column, could be contributing to surface concentrations so that aqueous concentrations 299 reflect longer term deposition while atmospheric concentrations reflect recent emissions. 300
However, summertime stratification occurring throughout most of the sampling period is 301 expected to reduce the importance of these contributions. 302
Concentrations at offshore Lake Erie sites were greatest in the western basin where the 303 lake is shallowest and inputs from the Detroit and Maumee watersheds, both AOCs, were 304 expected to be significant ( Figure S3A ). Due to the central Erie basin's counterclockwise 305 circulation during the study season, 20 it is unlikely that elevated dissolved PAHs in Sheffield 306 Lake resulted from aqueous transport from Cleveland. Black River, a historically polluted AOC, 307 discharges 8 km west of the Sheffield Lake site and may have contributed to dissolved PAH 308 concentrations there. More measurements over time are needed to determine whether elevated 309 dissolved PAHs at Sheffield Lake were episodic or chronic. Unexpectedly, concentrations near 310
Cleveland were lower than at Sheffield Lake. This may be because of sampler placement, as PEs 311 at Cleveland were farther offshore where water was deeper and currents carrying more highly 312 impacted water may have been entrained closer to the shore. 313
Besides Sheffield Lake, the greatest dissolved PAHs were measured in Toledo, Buffalo, 314 Tables S11 and  324 S12 and flux gradients for select PAHs are presented in Figure S9 . Mass transfer velocity ranged 325 from 0.2 cm/day to 73 cm/day and values decreased with decreasing volatility. Uncertainty in 326 flux gradients was <30% for all compounds of lower molecular weight than benz(a)anthracene 327 except retene. Flux gradients for HMW PAHs were not different from equilibrium within the 328 95% confidence level. 329
Net flux rates (ng/m 2 /day) are provided in Table S13 . Patterns in flux direction were 330 similar to those reported by Bamford et al. in that LMW PAHs were volatilizing and 331 phenanthrene was being absorbed but less volatilization was seen here than in Patapsco River 332 and depositional fluxes of phenanthrene in our study were greater on average. 57 Fluxes for 333 acenaphthylene, phenanthrene, methylphenanthrenes, and pyrene at each site were summarized 334 in Figure 5 and suggested that river input and runoff were more significant sources of dissolved PAHs than 361 atmospheric deposition.
14 Volatilization at Niagara may indicate that river discharge was a 362 significant source of PAHs at these sites. 
